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Introduction

This report summarizes research done under NASA Grant NAGW-1292 through December 31,

1995. The research performed during this reporting period includes spectroscopic studies to

determine molecular parameters from OH, HO2, H202, H20, O3, and HI.

We have now developed an expertise in ultra-high resolution spectroscopy using the TuFIR
method that includes:

• The development of radical source chemistries, allowing us to measure pressure broadening

and line positions of OH, H02 and ClO;

• Development of 3-wave mixing, which trades off some of the power available in the tunable

far infrared beam for much wider tunability. For a particular measurement, either 2-wave

or 3-wave mixing can be chosen according to experimental need;

• Design and fabrication of spectroscopy cells, a flow-metering system for radical chemistry,

and other laboratory apparatus;



Developmentof instrument control and data acquisition software, allowing for precise

control of the TuFIR instrument parameters and long integration times for weak spectral
lines and;

Development of software for nonlinear least-squares fitting of measured spectra to ob-

tain pressure broadening coefficients and/or line positions, based upon the algorithm of

Marquardt [5]. Spectra which have the typical modulation-broadened Voigt derivative

line shape (other line shape options are available as well, including normal Voigt and

Voigt second derivative) are calculated using a complete radiative transfer model, includ-

ing the effects of line saturation and modulation broadening. Voigt line profiles and their

derivatives are calculated, with the capability of varying Doppler and Lorentz widths, line

positions, absorber amounts, and baseline and laser power curve variations modeled with

polynomials up to cubic order.

Development of software to perform multiple linear regressions to obtained line broadening

and/or shifting information from studies employing complex source chemistries.

Development of Hamiltonian fitting capability that includes asymmetric top molecules with

centrifugal distortion up to octic, with electron spin, nuclear spin, and nuclear quadrupole
interactions.

Thus we are in a very good position for continuing with our ongoing program of far infrared line

parameter measurements. In particular, we have developed a capability for performing these

measurements on radical species and on weak lines that is unique.

Publications from this Research Program to Date

Laboratory Measurement of the Rotational Spectrum of the OH Radical with Tunable Far-

Infrared Radiation, J.M. Brown, L.R. Zink, D.A. Jennings, K.M. Evenson, A. Hinz, and I.G.

Nolt, Astrophys. J. 307, 410-413 (1986).

The Microwave and Far-Infrared Spectra of the lSOH Radical, E.R. Comben, J.M. Brown, T.C.

Steimle, K.R. Leopold, and K.M. Evenson, Astrophys. J. 305, 513-517 (1986).

The Far-Infrared Laser Magnetic Resonance Spectrum of the 1TOI,I Radical: Determination of

Nuclear Hyperfine Parameters, K.R. Leopold, K.M. Evenson, E.R. Comben, and J.M. Brown,

J. Molec. Spectrosc. 122, 440-454 (1987).

High Resolution Spectroscopy of I-IF from 40 to 1100 Wavenumbers: Highly Accurate Rotational

Constants, D.A. Jennings, K.M. Evenson, L.R. Zink, C. Demuynck, J.C. Destombes, and B.

Lemoine, J. Molec. Spectrosc. 122, 477-480 (1987).



Stark SpectroscopyUsingTunableFar-InfraredRadiation, L.R. Zink, D.A. Jennings, K.M.

Evenson, A. Sasso, and M. Inguscio, J. Opt. Soc. Am. B 4, 1173-1176 (1987).

Sub-Doppler Tunable Far-Infrared Spectroscopy, M. Inguscio, L.R. Zink, K.M. Evenson, and

D.A. Jennings, Opt. Lett. 12, 867-869 (1987).

Accurate Rotational Constants of CO, HC1 and HF: Spectral Standards for the 0.3 to 6 THz (10

to 200 cm -1) Region, I.G. Nolt, J.V. Radostitz, G. Di Lonardo, K.M. Evenson, D.A. Jennings,

K.R. Leopold, M.D. Vanek, L.R. Zink, A. Hinz, and K.V. Chance, J. Molec. Spectrosc. 125,

274-287 (1987).

Air- and Oxygen-broadening Coefficients for the 02 Rotational Line at 60.46 cm -1, D.A. Jen-

nings, K.M. Evenson, M.D. Vanek, I.G. Nolt, J. V. Radostitz, and K.V. Chance, Geophys. Res.

Lett. 14, 722 (1987); erratum Geophys. Res. Lett. 14, 981 (1987).

Coherent Tunable Far Infrared Radiation, D.A. Jennings, Appl. Phys. B 48, 311-313 (1989).

Atomic Oxygen Fine-Structure Splittings with Tunable Far-Infrared Spectroscopy, L.R. Zink,

K.M. Evenson, F. Matsushima, T. Nelis, and R.L. Robinson, Astrophys. J. 371, L85 (1991).

Pressure Broadening of the 118.455 cm -1 Rotational Lines of OH by I-I2, He, N2, and 02, K.V.

Chance, D.A. Jennings, K.M. Evenson, M.D. Vanek, I.G. Nolt, J.V. Radostitz, and K. Park, J.

Molec. Spectrosc. 146, 375-380 (1991).

Pressure Broadening of the 2.5 THz H35C1 Rotational Line by N2 and 02, K. Park. K.V. Chance,

I.G. Nolt, J.V. Radostitz, M.D. Vanek, D.A. Jennings, and K.M. Evenson, J. Molec. Spectrosc.

147, 521-525 (1991)

On the Use of 02 Spin-Rotation Lines for Elevation Angle Calibration of Atmospheric Thermal

Emission Spectra, K.V. Chance, W.A. Traub, K.W. Jucks, and D.G. Johnson, Int. J. IR MM

Waves 12, 581-588 (1991).

Accurate Far-Infrared Rotational Frequencies of Carbon Monoxide, T.D. Varberg and K.M.

Evenson, Astrophys. J. 385, 763-765 (1992).

The Far Infrared Spectrum of HI, K.V. Chance, T.D. Varberg, K. Park, and L.R. Zink, J. Molec.

Spectrosc. 162, 120-126 (1993).

Pressure Broadening of the 2.4978 THz Rotational Lines of HO2 by N2 and 02, K. Chance,

P. De Natale, M. Bellini, M. Inguscio, G. Di Lonardo and L. Fusina, J. Molec. Spectrosc. 163,

67-70 (1994)

The OHIO Concept: A Baseline Design for Satellite-Based Measurements of Stratospheric OH,

K. Chance, J.J. Wijnbergen, W. Schneider, and J.P. Burrows Proc. S.P.LE., High-Temperature



Superconducting Detectors: Bolometric and Nonbolometric, 2159, 21-33 (1994).

The Smithsonian Astrophysical Observatory Database SA092, K. Chance, K.W. Jucks, D.G.

Johnson, and W.A. Traub, J. of Quant. Spectrosc. Radiat. Transfer, 52, 447-457 (1992).

LENS Group Contribution to ISORAC I, M. Bellini, P. De Natale, M. Inguscio, M. PrevedeUi, G.

Di Lonardo, L. Fusina, G. Buffa, O. Tarrini, and K. Chance, CEC Air Pollution Research Report

52: Infrared Spectroscopy of Ozone and Related Atmospheric Constituents, ed. D. Hausamann

and J.-M. Flaud, 66-74, ISBN 92-826-8213-7 (1994).

Fabry-Prrot Spectrometer Concept for Satellite Based Atmospheric Observations in the Far

Infrared, J. J. Wijnbergen, J. P. Burrows, K. Chance, W. Schneider, and A. R. W. de Jonge,

International Symposium on SPACE OPTICS, Europto series (1994).

The OHIO Concept: Refinements on a Design for Satellite-Based Measurements of Stratospheric

OH, K. Chance, J. J. Wijnbergen, P. de Valk, W. Schneider, and J. P. Burrows, Proc. S.P.LE.,

Atmospheric Sensing and Modelling, 2311, paper 2311-22, 236-239 (1994).

OH Measurements with Air-Borne and Satellite Instrumentation in the Lower and Upper Strato-

sphere, J. P. J. M. M. de Valk, J. J. Wijnbergen, K. Chance, J. P. Burrows, and W. Schneider,

Proc. S.P.LE., Passive Infrared Remote Sensing of Clouds and the Atmosphere II, 2309, 279-

286, (1994).

The Far Infrared Fabry-Perot Spectrometer as a Satellite-Based Atmospheric Limb Sounder, J.

J. Wijnbergen, J. P. Burrows, K. Chance, W. Schneider, and P. de Valk, Proc. S.P.LE., Passive

Infrared Remote Sensing of Clouds and the Atmosphere II, 2309, 287-294, (1994).

Far Infrared Spectrum of H02, K. V. Chance, K. Park, K. M. Evenson, L. R. Zink, and F.

Stroh, Journal of Molecular Spectroscopy 172, 407-420, (1995).

THz Applications in Atmospheric Sensing, K. Chance, proceedings of workshop on THz tech-

nology, NIST, Gaithersburg, MD (12/94) Metrology issues in terahertz physics and technology,

pplg-21; A12-20, (1995).






